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Flash sintering is a method to rapidly densify materials by applying an electric field at elevated temperatures [1]. 
Besides densification, flash sintering is also a technique for reactive sintering. A number of materials, including 
Al2TiO5, have been synthesized by flash sintering [2]. Utilizing the thermal runaway, ion migration, or defect 
creation resulting from the flash could allow for the synthesis of novel materials. This work has demonstrated the 
simplest synthesis, the transformation of one phase into another. When Mn2O3 is flash sintered under the 
appropriate experimental parameters, it transforms into 
Mn3O4 during stage III.  
 
When Mn2O3 is flashed above a threshold electric field 
(12.5 V/mm) and furnace temperature, and stage III is held 
for a sufficient amount of time, an orange glow progresses 
from anode to cathode. Figure 1 shows the progression 
where each image corresponds to a dot on the power 
density trace. During a flash, the black areas are Mn2O3 
while the glowing orange areas are Mn3O4. The phase 
transformation only occurs when the sample is flashed 
using a specific electric field. At fields below 12.5 V/mm the 
sample remains Mn2O3, but at fields larger than 16.25 
V/mm the sample breaks due to localized current flow. 
 
Via flash sintering, the conversion of Mn2O3 to Mn3O4 
occurs at a furnace temperature of 285°C, far lower than 
950°C, the temperature required by conventional methods 
[3]. Additionally, once the sample begins to flash, external 
heat from the furnace is no longer needed and the phase 
propagation occurs while the furnace is off.  
 
After stage II, Mn3O4 has formed at both electrodes of the 
Mn2O3 pellet. Since Mn2O3 is an electronic conductor, it is 
possible the flash forms oxygen vacancies at the anode 
which cannot propagate to the cathode since there is no ionic transport [4]. Switching the polarity of the 
electrodes and flashing an Mn2O3 pellet a second time does not change the direction of phase propagation, so 
the first flash must induce a change in the material that is not overcome by the second.  
 
Studies have demonstrated flash sintering produces anomalous defects, but no in-situ studies of defects have 
been performed [5]. In-situ Raman spectroscopy is capable of such experiments and, in this work, a custom 
furnace with a window was built for this purpose and the in-situ setup was proven to provide reliable Raman 
data.  Mn2O3 does not produce a Raman signal with enough intensity for in-situ measurements, but more 
suitable materials such as SrTiO3 may help answer the question of what role defects play in flash sintering.  
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Figure 1 - Images of a 12.5 V/mm, 0.095 A/sq.mm 
flash. The labeled red dots on the power density 
plot correlate to the images. With increasing time, 
the glow progresses from the right (anode, +) to 
the left (cathode, -). The areas glowing orange are 
Mn3O4 while the black areas are Mn2O3. 
